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[57) ABSTRACT

A bipolar dewce IS formed in an N epitaxial layer region

isolated from ah Nisubstrate and the remainder of the N

epitaxial layer by a.P surface ring and a buried P reglon

An N channel device is formed in the P surface ring and

a P channel device is formed in the N epltaxlal layer. A

buried N region is formed in the buried P reglon using
'the same maé‘.lé used to form the buried P region.
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METHOD OF MAKING JUNCTION ISOLATED
- BIPOLAR DEVICE IN UNISOLATED IGFET IC

BACKGROUND OF - THE INVENTION

1. Field of the Invention

The present invention relates generally to integrated
circuits having IGFET and bipolar devices and more
speciﬁcally to an IC having junctional isolated bipolar
devices in an unisolated IGFET IC. =

2. DESCRIPTION OF THE PRIOR ART

In an effort to increase speed and current capacity,
while reducing power dissipation, integrated circuits
are being designed incorporating insulated gate field
effect transistors (IGFET) and bipolar devices. Early
processes generally formed junction field effect transis-
tors and bipolar transistors in junction isolated regions
as described in U.S. Pat. Nos. 3,576,475 and 3,595,715.
Because the circuit used junction field effect transistors,
the field effect transistors and bipolar transistors had to
be formed in junction isolated islands. This increased
the space:required to form the circuits. In an effort to
reduce the space required, as well as to provide a pro-

cess for compatibly forming IGFETSs and bipolar tran-

sistors, U.S. Pat. No. 3,865,649 formed the devices in
dielectrically 1solated regions. This patent requires a
specific sequence of preparing the material in the dielec-
trically isolated regions to provide device characteris-
tics requlred This processing is considered complicated
and expensive and does not take advantage of the self-
1isolating characteristic of IGFET devices. The use of
the self-isolating characteristic of IGFETSs in combina-
tion with the self-lsolatmg characteristic of emitter fol-
lowers are illustrated in U.S. Pat. Nos. 3,609,479 and
3,636,372. The circuits of these two patents are limited
to spe_olﬁ_c environments and configurations since no
isolated regions are provided for other devices. Thus,
although taking advantage of the self-isolating charac-
teristic of IGFETSs to minimize space, it does not also
provide in the structure junction isolation for a single
bipolar device. |

~Thus, there exists a need for a process of fabricating
an integrated circuit which bridges the gap between the

totally isolated and the totally unisolated. integrated.
45

circuits having IGFET and bipolar tran31st0rs

SUMMARY OF THE INVENTION

;The present invention provides a process of fabricat-
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isolation ring and a P channel device formed in the
epitaxial layer. The bipolar device formed in the iso-
lated region may include NPN transistors, lateral PNP
and vertical PNP transistors as well as various diode
configurations. Other bipolar devices not requiring
isolation, for example emitter followers, may also be
formed in the epitaxial layer without isolation.

OBJECTS OF THE INVENTION

. An object of the present invention is to provide an
1solated region of an integrated circuit into which bipo-
lar devices may be formed using the processing steps of
a standard. complementary insulated gate field effect
transistor Process.

Another object is to provide a method of fabricating
an integrated circuit having isolated bipolar devices and

‘unisolated complementary insulated gate field effect

transistors. |

A further object of the invention is to provide a
method of fabricating an integrated circuit which mini-
mizes the number of steps and results in an integrated

“circuit having minimum surface space.

Other objects, advantages and novel features of the
present invention will become apparent from the fol-
lowing detailed description of the invention when con-
sidered in conjunction with the accompanying draw-
ings. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-6 are cross-sectional views of a wafer illus-
trating a process of fabrication incorporating the princi-

" ples of the present invention.

FIG. 7 1s a cross-sectional view of a lateral PNP
transistor incorporating the principles of the present
invention. -

FIG. 8 i1s a cross-sectional view of a modification of
the integrated circuit of FIG. 6 incorporating the prin-
ciples of the present invention.

FIG. 9 15 a cross-sectional view of a vertical PNP

transistor incorporating the principles of the present
invention.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

FIG. 1, which illustrates a preferred embodiment of

- the process of fabrication of the subject invention,

ing an integrated circuit having a self-isolating IGFET

and an isolated bipolar device therein. The process
begins with the dlffusmn of P type impurities into an N
type substrate followed by diffusion of N+ impurities,
using the same mask, into the P type region. An N
epitaxial layer is then grown over the substrate. P type
regions including a P type ring and other P type areas
are formed in the surface of the epitaxial layer and all
the impurities are diffused until the buried P type region
intersects or overlaps the P type ring in the epitaxial
layer to form an isolated region of the epitaxial layer.
N+ type nnpurltles are then introduced into the isola-
tion ring to form the source and drain of N channel
IGFET as well as regions of bipolar devices in the
1solated epitaxial region. P+ type impurities are then
introduced into the epitaxial layer to form the source
and drains of P channel devices and regions of bipolar
devices in the isolated epitaxial layer. The resulting
structure has a Junctlon isolated bipolar device formed
in the epitaxial layer, an N channel device formed in the

50
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shows an N type substrate 10 having a bulk resistivity of
approximately 10 ohm centimeters having a masking
layer 12 thereon. The masking layer 12 which may be
oxide is delineated by using a photoresist material, de-
veloping the same and etching to form an aperture or
opening 14 therein to define the buried region of the to
be formed isolated area. P type impurities, for example,
boron are introduced into the surface of the substrate 10
and diffused. This results in a highly doped or P+ type
region having an initial. impurity concentration of ap-
proximately 10!8 carriers per cubic centimeter. Depend-
ing upon the bipolar device to be subsequently formed
in the isolated region, it may be preferable to form a
buried N+ or heavily doped N type region in P+ type

- region 16. To form this region, the wafer is then sub-
- Jected to a wash or etching to remove any oxide which

65

has formed in aperture 14 during the diffusion process
of the P+ impurities, N+ impurities for example, anti-

“mony are then diffused through opening 14 of mask 12,

- which is the same mask opening as that used for P+

‘region 16. This results in an N+ region 18 self-aligned
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with the prewously formed P+ region 16. This struc-
ture is illustrated in FIG. 2. The initial concentration of
the N+ region is generally approximately 1019 carriers
per cubic centimeter.

After the N+ diffusion formmg N+ region 18, all
the oxide is removed from the surface of the wafer 10
and an N— or low impurity concentration epitaxial
layer 20 is grown in the substrate 10. The impurity
concentration of the N— region is generally approxi-
mately 1016 carriers per cubic centimeter. During the
epitaxial process, the P+ region 16 and N+ region 18
diffuse upward into the epitaxial region 20 as well as
further downward into the substrate region 10. Some
lateral diffusion also occurs but the effect is insignificant
for the purpose of the present discussion. The resultlng
structure is also illustrated in FIG. 3. |
~ Next, the surface of the epitaxial layer 20 is masked
using well known techniques, for example, forming ‘a
maskmg layer and delineation using photoresist tech-
niques. The mask prowdes apertures for a lateral ring at
_the edges of the P+ type buried region 16 as well as
other P type areas for bipolar devices of the circuit. The
‘newly introduced P type lmpurltles which may be, for
“example, boron are diffused down into the ep1tax1al
layer 20 while the buried P+ type impurity region 16
and N+ type impurity region 18 are diffused up further
‘into the epitaxial layer 20. The diffusion is continued,
depending upon the thickness of the epitaxial layer 20,
until the surface. P type regions intersect and overlap
with the updlffusmg P type buried reglon This results
in the structure in FIG. 4 wherein the ring 22 intersects
the edges of the buried P+ region 16. A second P—
region 24 is shown formed above the buried N type
.region 18 in a region 21 of the epitaxial layer 20 which
" is isolated from the remainder of the epitaxial layer by

the buried region 16 and the vertical surface ring 22.
. 'As-will be evident from the hereafter described steps,
the ring 22 is not merely a separate isolation diffusion,
but is also the bodies of subsequently to be formed N
“channel IGFET devices as well as an active region of
bipolar devices to be formed in the isolated epitaxial
layer portion 21.

Using well known masklng techniques, N+ regions
26 and 28 are formed in P— ring 22 to form the source
and drain of an N channel IGFET device. Simulta-
" neously, an N+ region 30 is formed in the P— region 24
- and an N+ -region 32 is formed in the isolated epitaxial
“layer 21. The N+ region 30 is an emitter of an NPN
transistor and the N+ region 32 is the collector contact
region of the same NPN bipolar transistor. Through an
. appropriately formed mask P+ impurities are then
introduced into the N epitaxial layer to form P+ re-
- .gions.34 and 36 which are the source and drain of 2 P
.channel MOS device. Simultaneously therewith, P+
" region 38 is formed in the P— region .24 as the base
contact region of the NPN transistor. Also, the P+
region 40 is formed in a part of ring 22 as a contact
region to the buried isolation P+ region 16 as well as

the body of the N channel IGFET device.
- The fabrication process is then continued using well
known techniques to form the isolated gate region as
well as insulation over the substrate with contact aper-
tures and conductors formed thereon. The resulting
structure is illustrated in FIG. 6 as having P and N
channel MOS devices and a bipolar NPN transistor
formed in,an isolated region. Typical biasing is illus-
trated wherein V¢ is connected to the N substrate
“material 10 and consequently to the body of the P chan-

10

4

nel IGFET device; ground is connected to the isolation
region and the body of the N channel IGFET device.
Thus, the integrated - circuit includes complementary
insulated gate field effect transistors in an unisolated
substrate and a blpolar device in an isolated portion of
the substrate using common processing steps.

Although a bipolar NPN transistor device has been
shown formed in the isolated region 21, other bipolar
devices may be formed therein. These devices may
include Schottky diodes, N+4/P- diodes, N+/P—
diodes, as well as lateral PNP transistors. FIG. 7 speciti-
cally illﬁstréteé the lateral PNP transistor wherein P+

regions 42 and ‘44, forming collector and emitter,’ re-
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spectively, are formed in' the isolated region 21 which
forms the base. An N+ base contact region 46 is formed
within the N— region 21.

FIG. 8 illustrates even another modification of the IC
of FIG. 6. In FIG. 8, the NPN bipolar transistor is
shown as having the base contact bridging the P+ base
contact 38, the base region 24 and the N— collector
region 21. The metal for the base contact is selected
such as to form a Schottky barrier with the N— collec-
tor region 21. Also shown in FIG. 8 is'an emitter fol-
lower 1ncIud1ng an N+ emitter region 48 formed in a

P— base region 50 having a P+ base contact 52. The

epltaxial layer 20 and the substrate 10 form the collector
region. It should be noted that the emitter follower is
unisolated compared to the NPN Schottky transistor

formed in the isolated region 21.

Vertical PNP transistors may also be formed in the
isolated reglon 21 by deletmg the buried N+ layer 18 as
illustrated in FIG. 9. A P+ emitter region would be
formed in the N+ isolated region 21 and an N+ base
contact reglon 56 would also be formed in the N—

isolated reglon 21. The N— region 21 would form the
base region and the buried P+ region 16 would form

‘the collector region. The vertical PNP transistor of

FIG. 9 has substantially higher performance than the
lateral PNP device of FIG. 7. This is due to the achiev-
able base width which is defined in a lateral PNP tran-

“sistor by the collector to emitter spacing of the P+

regions 42 and 44 whereas for the vertical PNP tran513-
tor of FIG. 9, the base width is a function of the separa-
tion of the P+ surface region 54 and the P+ buried
region 16. Typical achievable betas for lateral PNP
transistors would be approximately 30 versus a beta of
approximately 300 for vertical PNP devices.

~ From the precedmg description of the preferred em-
bodiments, it is evident that the objects of the invention
are attained in that a process of fabricating an 1C havmg
unisolated IGFETs and isolated bipolar devices 1s de-

‘scribed. Although_the invention has been described and

illustrated in detail, it is to be clearly understood that
the same is by way of illustration and example only and
is not to be taken by way of limitation. The process may
be varied wherein the P+ surface regions may be
formed before the N+ surface regions. Similarly, the
materials and dopants are merely examples of types of
materials and dopants which may be used. The resulting
impurity concentrations are selected for particular char-
acteristics of the devices. As shown above, the buried
N+ region 18 may be deleted depending upon the type
of device to be formed in the isolated region 21 of the
epitaxial layer. The spirit and scope of this invention are
to be limited only by the terms of the appended claims.

What is claimed:

1. A process of fabricating an integrated circuit in-
cludmg complementary insulated gate field effect tran-
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sistors and a junction 1solated bipolar device compris-
ing: |
diffusing first P type impurities into an N conducting
type substrate to form a first P type region;
epitaxially forming an N type layer on said substrate;
implanting second P type impurities in the surface of
said epitaxial layer to form a second P type region;
diffusing said first P type region up and said second P
type region down into said epitaxial layer until they
overlap to isolate a third N-type region of said
epitaxial layer from the remainder of the epitaxial
layer;
diffusing first N type impurities into said second P
type region to form source and drain regions of an
N channel device and into said third N type region
to form a first region of said bipolar device; and

diffusing third P type impurities into said epitaxial
layer to form source and drain regions of a P chan-
nel device and into said third N type region to form
a second region of said bipolar device.

2. The process according to claim 1 wherein said first
P type impurities are introduced into said substrate
through a mask; and including introducing second N
type impurities into said first region through said mask
after diffusion of said first P type impurities.

3. The process according to claim 2 wherein said
implanting said second P type impurities includes form-
ing a fourth P type region in the surface of said epitaxial
layer which will be said third N type region, said fourth
P type region being the base of said bipolar device, said
first region of said bipolar device being the emitter and
said second region of said bipolar device being the base
contact.

4. The process according to claim 2 wherein said first
region of said bipolar device forms the contact region of
the base of a lateral bipolar device, said third N type
region forms the base of said bipolar device, and said
third P type diffusion forms laterally spaced collector
and emitter regions in said third N type region.

5. A process for fabricating an integrated circuit com-
prising:

diffusing P+ type impurities into an N type substrate

to form a buried P+ region;

epitaxially forming an N— type layer on said sub-

strate;
introducing P— impurities into the surface of said
epitaxially layer to form a P— surface region;

diffusing said P+ and P— regions into said epitaxial
layer until they overlap to form an i1solated N —
region of said epitaxial layer;

diffusing N + impurities into said surface P— region

to form source and drain regions of an N channel
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device and into said isolated N— region to form a
region of a bipolar device; and

diffusing P+ type impurities into said epitaxial layer

to form source and ‘drain regions of a P channel
device and into said isolated N— region to form
another region of said bipolar device.

6. The processing according to claim S wherein intro-
ducing P— impurities also forms a P— region in the
surface of said epitaxial layer which will be said 1solated
N — region spaced from the other P— impurity regions.

7. The process according to claim 5 wherein said first
mentioned P+ type impurities are introduced through a
mask and including introducing N-+ type impurities
through said mask after diffusion of said P+ type impu-
rities.

8. A process for fabricating an integrated circuit in-
cluding complementary insulated gate field effect and
bipolar transistors comprising:

diffusing first P type impurities into an N type sub-

strate to form a buried region;

diffusing first N type impurities into said P buried

region to form an N buried region; |
epitaxially forming an N type layer on said substrate;
introducing second P type impurities into the surface
of said epitaxial layer at the edges of said P buried
region to form a first P surface region and above
said N buried region to form a second P surface
region;

diffusing said impurities into said N epitaxial layer

until said first P surface region overlaps said P
buried region to form an isolated N region;

diffusing second N type impurities into said first P

surface region to form source and drain region, into
said second P surface region to form an emitter
region, and into said isolated N region to form a
collector contact region; and

diffusing third P type impurities into said N epitaxial

region to form source and drain regions, into said
first P surface region to form an isolation and N
channel body contact region, and into said second
P surface region to form a base contact region.

9. The process according to claim 8 wherein said first
P type impurities to form said P buried region are intro-
duced through a mask and said first N type impurities to
form said N buried region are introduced through said
mask after diffusion of said first P type impurities.

10. The process according to claim 8 wherein said
second P type impurities are introduced to form a base
region in said epitaxial layer which is a collector region,
said second N type impurities are diffused in said base
region to form an emitter region, and said third P type
impurities are diffused in said base region to form a base

contact.
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